Summary. When [3H]progesterone is infused intravenously into ewes, blood 20\ g=a\ \ x=r eq-\ dihydroprogesterone 
Introduction
Paterson, Bedford, Harrison & Heap (1976) described the specific radioactivity of progesterone and the concentration of in blood during and after infusion of [7a-3H] progesterone in sheep. On the basis of their observations they proposed a model containing two pools of progesterone and two pools of 20a-diHP with irreversible conversion of progesterone to dihydroprogesterone in both pools. The model contained more parameters than could be estimated uniquely from the available experimental information, and constraints were applied to obtain a solution.
We have now estimated the specific radioactivity of 20a-diHP during and after infusion of [1,2-3H]20a-dihydroprogesterone in sheep. In these experiments no [3H]progesterone could be detected and the earlier assumption that conversion of progesterone to 20a-diHP is irreversible is upheld.
We have also estimated blood concentrations of 20a-diHP ; our earlier assumption that during infusion of [3H] progesterone the equilibrium specific radioactivities of progesterone and 20a-diHP are equal was not upheld. It was therefore necessary to modify the earlier model to include production of 20a-dihydroprogesterone from some source other than progesterone in circulating blood. The additional experimental information provides sufficient degrees of freedom to allow the estimation of the model parameters without imposition of constraints.
Infusion of 20a-dihydroprogesterone. [l, 45 Ci/ mmol; Radiochemical Centre, Amersham, U.K.) was infused at constant rate of 1 µ (7 ng)/min into a jugular vein for 3-5 h. The sampling procedure was identical to that described by Paterson et al. (1976) .
Analysis of blood samples. The amounts of [3H] progesterone and of [3H] 20oc-diHP were measured using the method of Bedford et al. (1972) . The concentrations of endogenous progesterone and of 20ac-diHP in plasma were measured by radioimmunoassay and adjusted to blood concentrations using measured haematocrit. Progesterone was determined by method A of Heap, Gwyn, Laing & Walters (1973) using the antiserum BF 465 No. 6 (kindly supplied by Dr . J. A. Furr) which was raised in a goat immunized against progesterone conjugated to bovine serum albumin through the 11-position. The main cross-reactants of the antiserum were progesterone (100%), lla-hydroxypregn-4-ene-3,20-dione (117%) and 5oc-pregnane-3,20-dione (35%). In the concentration range 2 to 10 ng/ml the intra-assay variation was 16-3% and interassay variation 19-6%.
20a-Dihydroprogesterone was estimated by a procedure similar to that for progesterone, but petroleum ether was replaced by diethyl ether for the extraction of plasma. The antiserum used was P003 (Steranti Research Ltd, St Albans, Herts, U.K.), raised in rabbits against the bovine serum albumin conjugate of 20cc-diHP 3-(0-carboxymethyl)-oxime. The cross-reactivity of the antiserum with different steroids was determined as the concentration of 20a-diHP divided by the concen¬ tration of other steroids which caused 50% displacement expressed as a percentage. The values obtained were 100% for 20a-diHP, 19-8% for 3ß,20a-dihydroxypregn-5-ene (20a-dihydropregnenolone), 8-4% for progesterone, 1-0% for pregnanediol, 0-4% for 20ß-diHP, 0-1% for 5a-dihydroprogesterone, and <0-l% for 17a-hydroxyprogesterone, pregnanetriol, 16a-hydroxyprogesterone, 17a-hydroxypregnenolone, 5ß-dihydroprogesterone, deoxycorticosterone, cortico¬ sterone, cortisol, pregnenolone, 17a,20a-dihydroprogesterone, testosterone, 3ß,5ß-pregnanolone, 3a,5a-pregnanolone, 3ß,5a-pregnanolone and dehydroepiandrosterone (DHA). Over the concen¬ tration range 2 to 15-5 ng/ml the intra-assay variation was 11-1% and interassay variation was 18-1%.
The recoveries of progesterone and 20a-diHP from plasma were 78-4 ± 1-1% and 79-6 ± 3-0% respectively, and values for concentrations were corrected accordingly. 17a, [0] [1] [0] [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] deoxycorticosterone, DHA, pregnenolone, progesterone, 
Mathematical methods
The model is shown in Text-fig The differential equations can also be written in terms of specific radioactivities during and after infusion of labelled progesterone (ij or 20a-dihydroprogesterone (i2). The solutions for the accessible pools of progesterone are as follows.
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When equilibrium specific radioactivity has been attained and the infusion is then discontinued, the appropriate function is equilibrium specific activity minus the expression shown above, but with t', time after the ending of infusion.
Estimation ofmodel parameters. There are 12 parameters to be estimated, the 10 rate constants k0i-k34 and the 2 entry rates s, and s2. These were used to derive, iteratively, the exponential coefficients and constants for a, and a4 shown above. From these, and the experimental values of (t) and (t'), the predicted values of specific activity a^a nd â4j were obtained. The Progesterone and 20a-dihydroprogesterone concentrations were measured in 43 plasma samples from non-pregnant (oestrous cycle) and pregnant ewes. The progesterone concentration was 2-3 ± 0-7 ng/ml in non-pregnant ewes and it increased in pregnancy to 2-4 ± 0-7 ng/ml (Days 1-50), 13-1 ± 1-7 ng/ml (Days 51-100), 8-3 ± 1-5 ng/ml (Days 101-125) and 7-1 ng/ml (Day 126 to term). The 20a-diHP concentration (corrected) was 1-9 ± 0-2 ng/ml in non-pregnant animals and 2-8 ±0-2,10-1 ± 1-3,14-6 ± 2-3 and 11-6 ± 1-4 ng/ml in pregnancy respectively The specific radioactivities of progesterone and 20a-diHP for infusion rates of 1 µ / , are shown in together with the functions fitted in parameter estimation, which were The estimate of the parameters and their standard errors of estimate are given in Table 3 , and the pool sizes and fluxes for the two steroids derived from these parameters are shown in Text- fig. 4 . The MCR of 20a-diHP (s2 µg/min/arterial blood concentration, µ%ß) was 1-241/min compared with that of 3-36 1/min for progesterone. Short & Moore (1959) for the relation between endogenous progesterone and 20a-diHP concentrations in ovine blood. It was on this basis that we had earlier assumed that the 20a-dihydroprogesterone arose solely by reduction of secreted progesterone, and consequently the specific radioactivities of the two steroids were equal. We have now estimated the blood concentrations of 20a-hydroxypregn-4-en-3-one and have found that, relative to progesterone, they were greater than expected. During infusion of [3H]-progesterone the equilibrium specific activity of [3H]20a-diHP is 53% that of progesterone and it is clear that there must be a source of 20a-diHP other than C-20 reduction of circulating progesterone. The results of the present study show that the metabolic clearance rate of 20a-diHP is 1-24 1/min compared with an estimated value of 3-361/min for progesterone, the latter value being similar to that reported previously (3-64 1/min: Bedford et al., 1972) . (1980) . In the present study the concentrations of 20a-dihydroprogesterone and 20a-dihydropregnenolone were closely correlated and it would appear likely that they originate from the same source.
Our observations refer mainly to late pregnancy in ewes (120 days p.c. or more) when placental secretion of progesterone is dominant. Ainsworth & Ryan (1967) showed that the ovine placenta in vitro could produce progesterone from pregnenolone, and also that it could metabolize progesterone to a variety of 20 , 20ß and ring A reduction products. Pierrepoint, Anderson, Turnbull & Griffiths (1973) , in similar studies, have confirmed and extended these observations. Our observation that the blood concentration of 20a-diHP increases after Day 50 of pregnancy suggests that its source is the placenta since this is the time when placental secretion of progesterone becomes substantial (Ricketts & Flint, 1980) and that this is also the source of 20a-dihydropregnenolone. The blood con¬ centrations of this latter steroid are greater than those of 20a-diHP and it is therefore surprising that it has not been reported as a metabolite of pregnenolone or progesterone in in-vitro studies. It may be that in the whole animal the 20a-dihydropregnenolone is secreted into blood flowing through the uterus, whereas when chopped placentomes are used the steroid is more readily exposed to enzyme systems which reduce it further.
The assumption by Paterson et al. (1976) (Text- fig. 4 ). This results in pool sizes for 20a-diHP similar to those estimated by Paterson et al. (1976) . They had noted that their solution of the model was not particularly sensitive to variation of the exchange of 20a-diHP between pools 3 and 4. The present unconstrained estimation of parameters indicates that the interchange of 20a-diHP (k34 and k43) is more rapid than the exchange of progesterone (k21 and k, 2). It had been assumed by Paterson et al. (1976) that splanchnic extraction (k04) of 20a-diHP accounted for 35% of its metabolism, and we have now estimated that this accounts for 78% of 20a-diHP removal. The latter value is about double that of progesterone, and the results imply 20a-diHP removal by some source other than the splanchnic organs.
In the analysis of tracer kinetic data it is a common practice to divide the pool sizes for a substance by its measured concentration in blood, and so express the pools as volumes of distribution. Paterson et al. (1976) determined that progesterone and 20a-diHP pools were equivalent to 8 and 70 litres blood steroid, respectively, and since the mean body weight of their sheep was 41 kg, it was concluded that both steroids must attain tissue concentrations considerably greater than blood concentration. This could be achieved by binding to intracellular receptors, and through the high lipid solubility of progesterone. It is an assumption in tracer kinetic analysis that each pool has characteristic kinetic behaviour and in consequence each pool has a uniform specific activity. This cannot be strictly true for the large pools of progesterone and 20a-diHP, and any estimated parameters of distribution must then be approximate.
The assumption by Paterson et al. (1976) that the two steroids occupied the same volume of distribution has not been confirmed. Apparent pool volumes of progesterone are 10 and 69 litres (in terms of blood steroid) while the 20a-dihydroprogesterone volumes are 5-6 and 73 litres. The probable inhomogeneity of the larger pools, discussed above, may make the apparent difference insignificant but this is unlikely to be so for the smaller pools. It seems likely that some tissues in rapid equilibrium with blood steroid contain much greater quantities of progesterone than of 20a-dihydroprogesterone, and that an organ(s) with high blood flow (e.g. gravid uterus) is the site of rapid conversion of progesterone to 20a-dihydroprogesterone.
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